Perfluoroalkyl and polyfluoroalkyl substances (PFASs) such as perfluorooctanoic acid (PFOA), and perfluorooctane sulfonate (PFOS) are found in aquatic environments worldwide. The presence of these compounds in the water environment is still unclear, even though direct or indirect discharges of these compounds from industries to the aquatic environment are the potential routes. In this paper, PFOA and PFOS contamination of aquatic ecosystems, and their removal efficiency by different water treatment processes are reviewed. Typically, PFOS and PFOA contamination levels are higher in industrialized countries than in non-industrial countries. Coagulation, sand filtration, sedimentation, oxidation and disinfection are mostly ineffective in removing PFASs from drinking and wastewater. Granular activated carbon demonstrated the removal of PFASs and the extent of removal depends on operational conditions, such as temperature, operational life period and empty bed contact time. High-pressure membrane systems are the most suitable processes for removing the PFOS and PFOA in water sources. In the high-pressure membrane, removal of those chemicals occurs through rejection via electrostatic interaction. The extent of the reduction efficiency depends on the solution chemistry of the sample; lower pH and higher calcium ion addition in the water sample enhance the reduction efficiency in the high-pressure membrane application. cooking pans, oil repellents for leather, paper, and textiles. Paul et al. () suggest that 45,000 tons of PFOS was released into the global environment between 1970 and 2012. During that time, the 3M Company was the primary 196
INTRODUCTION

OCCURRENCE OF PFASS IN THE AQUATIC ENVIRONMENT
Several studies have reported on PFASs found in the water environment, which is a crucial environmental concern.
PFOA and PFOS were detected in tap water in Georgia, where several secondary manufacturers are located, which produce non-woven, household additives, apparel, carpet, and household textiles (M ). () studied tap water from different cities of China and they found that PFAS contamination decreased in the following order Shanghai > Wuhan > Nanjing > Shenzhen > Xiamen > Shenyang > Beijing. Atkinson et al. () monitored the presence of PFOA and PFOS in tap water from different sites in England. They found that the highest levels of PFOS (162 ng/L) were observed south of Cambridge near an airstrip, indicating that airstrips are a potential source of perfluorinated chemicals (PFCs) to the environment. The PFOS and PFOA concentrations in the water environment throughout the world are shown in Table 1 .
A comprehensive study on the occurrences of PFOS (0.89-5.773 ng/L) and PFOA (0.97-21.5 ng/L) at 79 sampling sites in Japanese rivers revealed widespread occurrences of these compounds (Saito et al. ) . Hansen et al.
() found that the PFOS and PFOA concentration was 50 times higher in Tennessee River than in the Elbe River. This was because of fluorochemical manufacturing facility discharge into the Tennessee River bodies. Jin et al. () found that the level of PFAS contamination was greater in urban rivers than in rural areas in China. Seasonal changes have a significant effect on the loading of PFASs in surface water. So et al. () found that higher concentrations were detected in winter than in summer. A similar observation was reported by Tsuda et al. () in Japan, and is attributed to both the effects of different sampling seasons and the presence of algal blooms in summer, which may affect the distribution of different PFAS forms.
PFOA have been found in the coastal water of Japan in different places such as Hiroshima Bay, Kin Bay, and Lake Shikatsu (Taniyasu et al. ) . Hart et al. () found that Tokyo Bay had 2-3 times greater PFOS concentration in coastal water than in offshore locations of Japan. So et al. () found that the concentration of PFOS in coastal waters of Hong Kong was up to 3.1 ng/L, which is greater than those observed in Gyeonggi Bay (South Korea) but approximately 10 times less than those observed in Lake Shihwa (China). Finally, Kim & Kannan () found that the PFOA concentrations in lake water were significantly greater than the concentrations found in rainwater, suggesting that snowfall meltwater is the source of PFOA contaminations in lake water in the spring. 
REMOVAL OF PFASS IN WATER TREATMENT PROCESSES
The ability of wastewater treatment technologies to remove or degrade PFASs depends on the water treatment process.
For instance, Ochoa-Herrera & Sierra-Alvarez ()
reported that granular activated carbon (GAC) could effectively remove PFOS from aqueous solutions ( Table 2) . influent and effluent was similar in drinking water treatment plants in the USA, suggesting that treatment systems were ineffective in removing these compounds. Sand filtration and ozonation processes were also ineffective in removing PFOS and PFOA during drinking water treatment (Takagi et al. ) . A similar result was found by Thompson et al. (a) in a water reclamation plant in South East Queensland, Australia. Appleman () investigated the efficiency of PFAS removal using coagulation followed by sedimentation or dissolved air flotation (DAF) and/or filtration.
They found that coagulation (aluminium sulfate) followed by sedimentation did not lead to PFAS removal, but where sedimentation was replaced by DAF, a 49% removal of PFOS was observed. PFASs are listed as chemicals of concern, so regular monitoring of the contamination level of these chemicals in the water environment is required for regulatory purposes. Although biological processes are mostly ineffective in removing these chemicals, there is a possible biological conversion of these compounds during water treatment processes. Therefore further investigation regarding the mechanisms of the biological degradation of these chemicals is required. Moreover, other treatment processes such as GAC and/or high pressure membranes are essential to equip the water treatment processes to remove these chemicals for drinking purposes and for safe water disposal to the environment.
CONCLUSIONS
